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INTRODUCTION
The kidney receives a quarter of the cardiac output that reaches it through the renal artery, which is a branch of the lateral aspect of the abdominal aorta [18, 21] . The renal artery has many segmental branches supplying different segments of the kidney [21] and an inferior suprarenal branch to the suprarenal gland [18] . This artery is classically considered an end artery that can produce renal ischaemia and infarction in certain renal segments if damaged, obstructed, or ligated by mistake [18, 21] . The renal veins on both sides of the body connect the hila of both kidneys to the inferior vena cava (IVC). The vein on the right side drains only the right kidney, while the vein on the left side drains the left kidney, left gonads, and left suprarenal gland [21] .
In a study by Petru et al. [21] , a high incidence of variations in renal arteries was found. Other studies have found renal artery variations of number, arrangement, source, and course [10, 29, 33] . In another study, Nayak [18] reported variations in renal vessels associated with variations in the suprarenal and gonadal vessels. Standring [29] suggested that variations in renal arteries are more common than variations in renal veins. A study by Baptista-Silva et al. [2] found variations in the left renal vein (LRV) and double and triple right renal veins (RRVs). Senecail et al. [27] suggested variations of the LRV may be problematic for clinicians interpreting abdominal imaging scans.
With more interventional diagnostic and therapeutic urologic procedures being performed (e.g., renal vessel angiography and angioplasty, renal artery embolisation, or reconstruction of aortic aneurysms), surgeons and radiologists require a deeper appreciation of anatomical variations in the renal vessels [8, 10, 16] . Given the reported variations of the renal vasculature, a better understanding of these variations may minimise accidental bleeding, ischaemia, tubular necrosis, infarcts, rejection, or poor graft function resulting from invasive diagnostic and interventional procedures for the treatment of renal diseases [23] . Therefore, the objective of the present study was to investigate the origin and course of aberrant and accessory renal vessels and any associated variations in the anatomy of this region. By correlating these variations with age at death, sex, and cause of death and with their prevalence on a specific side of the body, we intended to provide more complete information for the surgeons and radiologists treating this important anatomical region.
MATERIALS AND METHODS
Male and female adult formaldehyde-preserved cadavers were dissected by first-year medical students during the routine dissection of the abdomen, in two consecutive years, following established procedures [30] , as part of the Gross Anatomy course at an osteopathic medical school. For the present study, the renal vasculature was specifically investigated. Each year, 5 student volunteers collected and tabulated the data from the dissected cadavers under faculty supervision to ensure the quality of the dissection. The information collected for the present study was neither part of nor did it affect the course grade of the student volunteers. The local institutional review board considered this study as exempt.
The anterior abdominal wall and the abdominal viscera were excised, preserving the retroperitoneal organs, to expose the renal vasculature in the posterior abdominal wall. The number, arrangement, location, and course of the renal vasculature were studied bilaterally, including their connection to the IVC and the abdominal aorta. Other associated variations in the kidneys and surrounding structures were also investigated. The renal vasculature data was recorded on paper, and demographic characteristics of the cadavers were also recorded, including the cadaver number, age at the time of death, sex, and the cause of death. Data about age at death, sex, and cause of death for each cadaver were obtained from the recorded data of the cadaver donation programme. Data about the cause of death was tabulated using the following categories: cardiac (e.g. myocardial infarction, fibrillation, and congestive heart failure), pulmonary (e.g. chronic obstructive pulmonary disease, aspiration pneumonia, and acute respiratory failure), vascular (e.g. stroke, hypertension, embolism, and atherosclerosis), haemorrhagic (e.g. massive bleeding and ruptured aortic aneurism), neurological (e.g. Alzheimer's disease, Amyotrophic Lateral Sclerosis and Parkinson disease), chronic mental illness (e.g. psychosis), primary tumours, metastatic tumours, renal failure, failure to thrive, liver failure, infection, arthritic (e.g. rheumatoid arthritis and hip replacement), and metabolic (e.g. uncontrolled diabetes mellitus). Photographs were taken of the dissected area around the kidneys for only those cadavers with variations in the renal vasculature.
Although various terms are used to describe multiple renal vessels -aberrant, accessory, anomalous, auxiliary, additional, multiple, supernumerary, surplus [13] -we used the term 'accessory' to describe additional renal vessels so we defined "accessory hilar renal artery" as any additional artery separate from the main hilar renal artery and its segmental division, and we defined "accessory polar renal artery" as any artery supplying the kidney at either pole, away from the hilar artery. We also defined an accessory hilar renal vein as any vein that was additional to the usual primary (lobar) tributaries of the hilar renal vein, and we defined an accessory polar renal vein as a vein that was draining separately from either pole of the kidney independently into the IVC, away from the hilar renal vein [24] . Accessory polar vessels can be above or below the usual renal vessels and are connected to the upper or lower poles of the kidneys (superior or inferior polar renal vessels, respectively) [33] . We used the term 'aberrant' to describe any vessel in an abnormal anatomical position other than the additional renal vessels such as 'renal artery superficial to renal vein', 'retroaortic renal vein', 'double intercommunicating veins between the two IVC', 'high attachment of gonadal vein to IVC', or 'gonadal vein draining into IVC'.
The renal vessels in the present study were described as unilateral or bilateral whether for arteries or veins. They were named double, triple, or quadruple according to the number and were named right or left according to the side. The renal vessels were named superior when cephalad to the renal vein (or renal artery) and inferior when caudad to them. They were also named hilar, superior polar, or inferior polar according to their attachment to the hilum, to the superior pole, or to the inferior pole, respectively. If a cadaver had more than 1 renal vein (or renal artery) on either side, then the course and attachment of that accessory renal vein (or artery) was studied in relation to the hilar renal vessels [13] . Other variations associated with the renal vessels in the region of the kidneys were recorded.
Statistical analysis
A two-sample t test and Fisher exact tests were used to test for the association of renal vasculature variations with age at death, sex, and cause of death. Percentages and exact 95% confidence intervals (CI) were used to estimate the incidence of aberrant and accessory renal vessels and associated renal vasculature variations. The McNemar test was used to test whether renal variations and accessory renal vessels were more commonly found on a specific side of the body. Fisher exact tests were also used to test for differences between males and females on the presence of accessory, hilar, and polar renal veins and arteries. SAS software version 9.4 (SAS Institute, Inc., Cary, NC) was used to conduct the statistical analyses. A p < 0.05 was considered statistically significant.
RESULTS
During the Gross Anatomy course, 63 cadavers were dissected in the present study by first-year medical student volunteers as part of routine cadaveric dissection of the abdominal region resulting in 126 kidney specimens. Thirty-two (51%) cadavers were males and 31 (49%) were females. Age at the time of death ranged from 41 to 105 years with a mean (standard deviation [SD]) age of 75 ± 13 years. The most common causes of death were cardiac (54%), pulmonary (46%), vascular (29%), and malignancy (25%). Variations of the renal vessels were found in 7 cadavers (11%; 95% CI 5-22%) (Fig. 1) . Some of the variations were associated with other anomalies like a polycystic kidney or variations in the common iliac or gonadal veins. The demographic characteristics of the 7 cadavers are presented in Table 1 .
Anatomical descriptions
Cadaver 460. It was found 3 RRVs that emerged from the kidney and crossed from the right side over the right psoas major muscle toward the IVC. A superior hilar RRV emerged straight from the hilum of the kidney, a second middle hilar RRV emerged from the lower half of the hilum of the kidney (which was abnormally extended) and was directed obliquely half an inch below the right hilar renal vein toward the IVC, and a third inferior polar RRV emerged from the inferior pole of the kidney and was directed toward the IVC. The right ureter appeared compressed between the middle hilar RRV superficially in its proximal part and by both the inferior polar RRV and the inferior polar right renal artery, near the inferior pole of the kidney, in its distal part (Fig. 2a) . It had 2 renal arteries that emerged from the abdominal aorta and extended to the right side posterior to the IVC and over the right psoas major muscle toward the right kidney. A hilar right renal artery entered the extended hilum of the kidney posterior to the superior hilar RRV and posterior to the middle hilar RRV but anterior to the right ureter. An inferior polar right renal artery ran posterior to the right ureter toward the lower pole of the kidney after crossing anterior to the right gonadal vein. We also found a right gonadal vein with a high attachment to the IVC almost at the level of entry of the renal veins (Fig. 2a) .
Cadaver 461. We found 4 RRVs: 1 hilar and 3 inferior polar RRVs emerged from the right kidney and crossed to the left side toward the IVC in close relation to each other (Fig. 2b) . The hilar RRV emerged partially deep to the first inferior polar RRV and was directed horizontally to the left toward the IVC. The first inferior polar RRV, arising from the inferior pole of the right kidney in conjunction with the second and third inferior polar RRVs, ran obliquely upward crossing over the hilar RRV and over the hilar right renal artery, almost reaching the superior pole of the kidney. The second inferior polar RRV, emerging from the inferior pole of the kidney, ran obliquely upward where it entered the IVC very close to the hilar RRV. The third inferior polar RRV emerged from the inferior pole of the kidney and ran horizontally to the left where it entered the IVC (Fig. 2b) . Cadaver 513. We found pre-hilar segmental division of the right renal artery (Fig. 2c) . It arose in a normal pattern from the abdominal aorta and ran horizontally and to the right behind the IVC. It then ran behind the hilar RRV and branched into the following: an inferior right suprarenal artery that subdivided into a suprarenal branch and a capsular branch to supply the right renal capsule, a superior polar renal artery that subdivided into a suprarenal branch to supply the suprarenal gland and 2 other branches that entered the kidney, and a middle polar right renal artery and inferior polar right renal artery that both entered the lower pole of the kidney (Fig. 2c) . It also had 2 renal veins crossing from right to left transversely, bridging over the abdominal aorta and connecting the left kidney to the IVC. The superior hilar LRV which connected the IVC to the hilum of the left kidney was cut during dissection (Fig. 2c, d ) to show the pre-hilar segmental division of the hilar right renal artery. The inferior hilar LRV connected the IVC to the lower pole of the kidney and drained the left gonadal vein as a normal tributary (Fig. 2d) .
Cadaver 522. The hilar LRV reached the IVC deep to the abdominal aorta instead of superficial to it (i.e., retroaortic) (Fig. 2e ). There were also multiple cysts in the left kidney (polycystic kidney). On the opposite side of the body, a single ruptured renal cyst was found on the outer convex border of the right kidney, and the rest of the surface of that kidney appeared normal (Fig. 2f) .
Cadaver 523. We found the presence of 2 IVCs. One was normally present on the right side of the abdominal aorta, and the other was abnormally present to the left side of the abdominal aorta and connected by an arch that bridged over the abdominal aorta (Fig. 2g) . The abdominal aorta was cut during dissection in its upper part (Fig. 2g, h ) and reflected away from the lumbar vertebral bodies to show 2 superior and inferior intercommunicating veins connecting the 2 IVCs and bridging over the lumbar vertebral bodies (Fig. 2g) . The left IVC (accessory IVC) was attached in its abnormal position to the left of the abdominal aorta and anterior to the lumbar vertebral bodies by a U-shaped sling of muscle fibres that were fused with the prevertebral muscles (Fig. 2h) . The right IVC split distally into 2 right common iliac veins (Fig. 2i) , and the left IVC combined with the lower intercommunicating vein that connected it to the right IVC and then split into 3 left common iliac veins (Fig. 2i) . The left gonadal vein was seen as a tributary of the left IVC instead of being a tributary of the LRV (Fig. 2j) . It had 2 right common iliac arteries of unknown origin but probably non-aortic origin; these 2 arteries appeared as a common short stem between the 2 right common iliac veins (Fig. 2i) . The lateral right common iliac artery (right common iliac artery number 1), curved laterally to the right, superficial to the right common iliac vein (right common iliac vein number 1), and disappeared under the right psoas major muscle; the medial artery (right common iliac artery number 2) ran downward and medially toward the pelvis (Fig. 2i) .
Cadaver 523 had 1 main hilar left renal artery and 2 superior polar left renal arteries. The hilar left renal artery ran to the left and entered the kidney deep to the hilar LRV, as normally expected, while the 2 superior polar left arteries entered the upper pole of the kidney (Fig. 2h) .
Cadaver 529. It was found 2 RRVs. The hilar RRV emerged out of the hilum of the kidney and was directed straight to the left toward the IVC. An accessory inferior polar RRV emerged out of the inferior pole of the kidney and was directed obliquely upward and to the left toward the IVC (Fig. 2k) .
Cadaver 535. We found 3 LRVs that emerged from the kidney toward the IVC. A superior polar LRV emerged vertically downward from the superior pole of the kidney, a second middle hilar LRV emerged horizontally from the kidney, and a third inferior polar LRV emerged vertically upward from the inferior pole of the kidney. The 3 LRVs merged toward the IVC (Fig. 2l) . The same specimen also had the hilar left renal artery running from right to left to enter the kidney superficial (instead of deep) to the middle hilar LRV (Fig. 2l) .
Renal vasculature variation incidence and correlations
There were no significant differences between those cadavers with or without variations in the renal vasculature and age at death (mean ± SD, 73 ± 15 years vs. 75 ± 13 years; p = 0. (Fig. 3) .
The presence of accessory renal variations was unilateral on the right side in 3 cadavers (cadavers 460, 461, and 529; 5%; 95% CI 1-13%), unilateral on the left side in 1 cadaver (cadaver 535; 2%; 95% CI 0-9%), and bilateral in 3 cadavers (cadavers 513, 522, and 523; 5%; 95% CI 1-13%) ( Table 2 ). There was no significant difference between the right and left sides on the presence of renal vasculature variations (6/63 [10%] vs. 4/63 [6%]; p = 0.32).
Accessory renal veins were found in 5 cadavers (cadavers 460, 461, 513, 529, and 535; 8%; 95% CI 3-18%) ( Table 2 ). There was no significant difference between the right and left sides on the presence of accessory renal veins (3/63 [5%] vs. 2/63 [3%]; p = 0.65). Double renal veins (1 accessory vein) were found in 2 cadavers (cadavers 513 and 529; 3%; 95% CI 0-11%), triple renal veins (2 accessory veins) in 2 cadavers (cadavers 460 and 535; 3%; 95% CI 0-11%), and quadruple renal veins (3 accessory veins) in 1 cadaver (cadaver 461; 2%; 95% CI 0-9%) ( Table 2) .
The most common renal variations were the presence of hilar renal veins and polar renal veins, each occurring in 5 cadavers (cadavers 460, 461, 513, 529, and 535; 8%; 95% CI 3-18%) (Fig. 1, Table 2 ). Both superior and inferior polar renal veins were present in 1 cadaver (cadaver 535; 2%; 95% CI 0-9%), and inferior polar renal veins only were present in 4 cadavers (cadavers 460, 461, 513, and 529; 6%; 95% CI 2-15%). There were no significant differences between males and females on the presence of accessory, hilar, or polar renal veins (all p = 0.20) (Table 2) .
Accessory renal arteries were found in 3 cadavers (cadavers 460, 513, and 523; 5%; 95% CI 1-13%) ( Table 2 ). There was no significant difference between the right and left sides on the presence of accessory renal arteries (2/63 [3%] vs. 1/63 [2%]; p = 0.56). Double renal arteries (1 accessory artery) were found in 1 cadaver (cadaver 460; 2%; 95% CI 0-9%), and triple renal arteries (2 accessory arteries) were found in 2 cadavers (cadavers 513 and 523; 3%; 95% CI 0-11%) ( Table 2) .
Hilar renal arteries were present in 3 cadavers (cadavers 460, 513, and 523; 5%; 95% CI 1-13%), and polar renal arteries were present in 3 cadavers (cadavers 460, 513, and 523; 5%; 95% CI 1-13%), including superior polar renal arteries only in 1 cadaver (cadaver 523; 2%; 95% CI 0-9%) and inferior polar renal arteries only in 2 cadavers (cadavers 460 AE and 513; 3%; 95% CI 0-11%). There were no significant differences between males and females on the presence of accessory, hilar, or polar renal arteries (all p = 0.61) ( Table 2) . Of the 63 cadavers, the renal artery superficial to the renal vein, the retroaortic renal vein, and prehilar segmental division of the renal artery were each present in 1 cadaver (cadaver 535, cadaver 522, and cadaver 513, respectively; 2%; 95% CI 0-9%) ( Table 2) . Double IVC, double intercommunicating veins between 2 IVC, extra common iliac veins, and an extra common iliac artery were all present in 1 cadaver (cadaver 523; 2%; 95% CI 0-9%) (Fig. 1, Table 2 ). Abnormal gonadal veins were present in 2 cadavers (cadavers 460 and 523; 3%; 95% CI 0-11%), including high attachment of a gonadal vein to the IVC in 1 cadaver (cadaver 460; 2%; 95% CI 0-9%) and a left gonadal vein draining into the IVC in the other cadaver (cadaver 523; 2%; 95% CI 0-9%). Polycystic kidneys were found bilaterally in 1 cadaver (cadaver 522; 2%; 95% CI 0-9%).
DISCUSSION
A combination of patterns of accessory renal veins and arteries were seen in the present study. Variations in the renal vasculature were present in 11% of cadavers. The renal variations appeared to be unilateral on the right side in 5% of cadavers, unilateral on the left side in 2% of cadavers (1 cadaver), and bilateral in 5% of cadavers. We found no significant difference between the right and left sides of the body and the presence of renal variations. These results are different from those of Kaneko et al. [13] , who reported similar variations in the renal vasculature in 26% of cadavers. This difference in incidence of variations may be explained by sample size: in the present study, we examined 63 cadavers, and the study by Kaneko et al. [13] examined 190 cadavers. However, in contrast to the present study, no correlation between venous and arterial variations in the renal vasculature was described by Kaneko et al. [13] .
Several classifications have been made regarding the drainage patterns of the renal veins. Smithuis [28] reported only 2 primary tributaries (upper and lower), and Merklin and Mitchels [15] recognised the posterior primary tributary of the renal vein and emphasized its clinical importance its retropelvic position. Gillot [9] also recognised the posterior primary tributary of the renal vein; however, he did not include it in his classification. Sampaio and Aragão [23] reported 3 primary tributaries (upper, middle, and lower) and described 6 variations for these renal veins while Chaung et al. [6] proposed a different classification for the LRV only (retroaortic, preaortic, circumaortic, and supernumerary). In a cadaveric study, Yi et al. [34] had a similar classification to Chaung et al. [6] where they described the 3 most common variations in the LRV (circumaortic, retroaortic, and retropelvic). In the present study, we found only the retroaortic type of variation in the LRV in 1 cadaver.
In the present study, we classified the renal veins according to their number, origin, and destination into two types: accessory hilar renal vein and accessory polar renal veins where the accessory hilar renal vein was additional to the usual primary (lobar) tributaries of the hilar renal vein and the accessory polar renal vein was defined as one that was draining separately from either pole of the kidney independently into the IVC, away from the hilar renal vein.
This classification differs from Satyapal's classification [24] , where he described three types of renal venous drainage patterns (types IA, IB, IIA, IIB, and III) depending on the number of primary tributaries of the renal vein, the presence or absence of a posterior primary tributary, and the presence of an additional renal vein. The accessory polar renal vein described in the present study corresponds to type III described by Satyapal [24] .
The classification in the present study was also different from the classification described by Zhu et al. [35] in a retrospective computed tomography (MDCT) study on 1452 patients who underwent MDCT angiography. They classified the variations in the LRVs according to the origin, destination, number, branches, length, and course into five types from I to V resulting in the following classifications: circumaortic (2.1%), retroaortic (2.1%), abnormal reflux (1.7%), late venous confluence (0.9%), and a fifth rare type (0.3%). Zhu et al. [35] also classified the variations in the RRVs into three types from I to III resulting in the following classifications: additional (18.7%), abnormal reflux (0.4%), and a third rare type (0.1%).
The most common renal variations in the present study were the presence of accessory hilar renal veins and accessory polar renal veins. Accessory hilar renal veins were found in 8% of cadavers, and accessory polar renal veins were also found in 8% of cadavers. Of these, 3% of cadavers had 1 accessory renal vein, 3% had 2 accessory renal veins, and 2% (1 cadaver) had 3 accessory renal veins. These findings contradict those of Kaneko et al. [13] , who reported unilateral accessory renal veins in 13% of cadavers and bilateral accessory renal veins in only 1% (1 cadaver).
The published literature includes unexplained discrepancies between findings of renal vasculature variations. Previous studies [12, 18] found variations in renal veins were more common on the right side than the left side. Bergman et al. [4] also suggested that these variations were rare on the left side (1%) compared with the right side (28%). However, Baptista-Silva et al. [2] reported a 92% prevalence of variations in the renal veins on the left side and an 8% prevalence of variations on the right side in a study of 342 living donors of nephrectomy. Recently, Zhu et al. [35] reported a 19% prevalence of variations in the renal veins on the right side, a 7% prevalence of variations on the right side, and 1.7% on both sides in a retrospective MDCT study. In the present study, single or double accessory renal veins were present either on the right or left side of the body, but accessory triple renal veins were present only on the right side. Further, neither the right nor the left side was more likely to have accessory renal veins. These discrepancies in the incidence of variations in renal vasculature may be attributed to differences in the number of participants in each study or to the different methods of the studies. MDCT has been proven to be a very sensitive, specific, and accurate method for evaluation of renal vein variations compared with many other methods because of its high resolution [35] . However, this finding contradicts Yi et al. [34] who reported that it was much easier to detect circumaortic variation of the LRV via cadaveric dissection compared with MDCT or angiography.
Accessory renal arteries originating from the abdominal aorta were observed in 5% of cadavers in the present study. Ozkan et al. [20] , Kaneko et al. [13] and Saldarriaga et al. [22] reported about 25% of patients had accessory renal arteries, and Vatsala et al. [33] observed them in 50% of cadavers. In the present study, only 2% of cadavers had only 1 accessory renal artery, which contradicts the findings of Vatsala et al. [33] , who found 22% of kidneys had only 1 accessory renal artery. It also contradicts Ozkan et al. [20] , who reported a single accessory renal artery in 76% of kidneys. In the present study, 3% of cadavers had 2 accessory renal arteries, which supports the findings of Vatsala et al. [33] , who also found 3% of kidneys had 2 accessory renal arteries, but contradicts Ozkan et al. [20] , who reported multiple accessory renal arteries in 24% of kidneys. These discrepancies in findings of renal vasculature variations between the present study and previous studies [13, 22, 33] may be attributed to different study populations. Kaneko et al. [13] and Saldarriaga et al. [22] studied patients undergoing surgical or radiological procedures. In the present study and in Vatsala et al. [33] , cadavers were studied for renal vasculature variations. Further, the difficulty or ease in separating the renal vasculature and their surrounding structures and the resilience or compliance of the separated tissues may differ between cadavers and living patients.
In the present study, accessory renal arteries were only found unilaterally on the right side of the body in 5% of cadavers. Ozkan et al. [20] reported unilateral accessory renal arteries on the right side of the body in 16% of kidneys, unilateral accessory renal arteries on the left side in 13% of kidneys, and bilateral accessory renal arteries in 5% of kidneys. These data by Ozkan et al. [20] were similar to Petru et al. [21] , who reported unilateral accessory renal arteries on the right side of the body in 2% of kidneys, unilateral accessory renal arteries on the left side in 15% of kidneys, and bilateral accessory renal arteries in 2% of kidneys. Vatsala et al. [33] reported 18% of kidneys had unilateral accessory renal arteries, and 8% of kidneys had bilateral ones. Kaneko et al. [13] found unilateral accessory renal arteries in 21% of patients and bilateral accessory renal arteries in only 5%. These variations in the incidence of the side of the renal vasculature variation may be attributed to differences in the number of cadavers or patients in each study, which varied from 20 to 190. Differences may also be related to the age or sex of the cadavers or patients. Most of these previous studies did not report age or sex information [13, 33] . As a result, we could not make comparisons with our data.
Few studies have investigated the relationship between age or sex and the incidence of renal vascular variations. In the present study, there was no significant difference in age at death between those with or without renal variations. This finding was in agreement with a study by Harrison et al. [11] , who also reported no significant differences for their age and sex study groups and the incidence of renal vascular variations, and with a recent MDCT study by Zhu et al. [35] , who found no statistically significant correlation in the incidence of variations between the right and LRVs and gender. There were no significant differences between males and females for the presence of renal variations in the present study, which is consistent with the findings of Zhu et al. [35] . However, Harrison et al. [11] did report a minor increase in the incidence of renal variations in females. In another study, Satyapal et al. [25] reported a male predominance of 28% versus only 5.1% for females for the incidence of accessory renal arteries. Cicekcibasi et al. [7] found a similar male predominance of 25% for the incidence of renal variations among human foetuses with the preference for male predominance on the right side of the body. To our knowledge, few studies have retrospectively correlated the cause of death with the incidence of renal vascular variations [11, 25] , and studies that described the variations in the renal vasculature patterns were mostly case studies [8, 10, 18] . In the present study, renal failure was the only cause of death that was significantly different between those with or without renal variations.
In the present study, accessory renal arteries arising from the abdominal aorta appeared to be attached to the hila of kidneys in 5% of cadavers and attached to the poles in another 5% of cadavers. In a study by Petru et al. [21] , of the 54 kidneys that had accessory renal arteries, 52% entered the kidneys through their hila, 9% entered through their superior pole, and 30% entered through their inferior pole; all these arteries arose from the abdominal aorta. These findings were similar to those of Budhiraja et al. [5] , who reported that accessory superior polar renal arteries emerged from the abdominal aorta in 11% of cases. Awareness of this unusual renal vascular pattern may be helpful for surgeons performing vascular reconstruction of congenital renal anomalies [10] and endoscopic renal surgeries or treating renal arterial stenosis [18] .
In the present study, pre-hilar segmentation of the renal artery occurred in 1 cadaver. The main trunk of the right renal artery had a right suprarenal artery and supplied the kidney by 1 hilar and 2 polar arteries. The superior polar renal artery had a branch to the suprarenal gland and then divided into 2 other branches that entered the hilum of the right kidney. A similar finding was described by Tanyeli et al. [31] who added that a main trunk of the right renal artery ramified into the suprarenal gland while supplying the kidney with 2 hilar arteries. Nayak et al. [19] also described pre-hilar segmental division in the renal artery and vein with a left gonadal vein crossing in front of the left renal vessels in a tortuous course. Because safe operative exposure of the kidneys and clamping of the renal arteries to control bleeding during man-agement of trauma to the kidneys is mandatory [13] , variations in the incidence of pre-hilar segmentation of the renal arteries may make it difficult to identify the renal arteries and could jeopardize the process of bleeding control.
In the present study, the hilar left renal artery was superficial to the accessory middle LRV instead of being deep to it (i.e., retroaortic renal vein) in 1 cadaver (2%). Petru et al. [21] also found 2% of kidneys had retroaortic renal veins where renal arteries entered the kidney deep to the ureter instead of superficial to it. This reversal in the arrangement of the renal artery and the renal vein may be problematic during retraction of the renal vein prior to renal transplantation or renal artery embolisation. Ligation of the wrong renal vessel could result in the degeneration of a certain segment of the kidney since the renal arteries are considered functional end arteries [33] .
The presence of these accessory renal arteries in such varying patterns may result from a complication in the process of foetal development. As a result, these arteries retain their embryonic origin from the lateral splanchnic vessels [29] . Normally, the process of foetal development starts in the pelvis where the kidneys acquire their blood supply from the common iliac arteries [17, 29] or from the superior mesenteric or coeliac arteries [29] . After ascending to the lumbar region, the kidneys change the source of blood supply to the aorta [17] . However, Ozkan et al. [20] suggested this variation in the renal artery resulted from a failure of complete degeneration of the embryonic mesonephric arteries supplying the kidneys, gonads, and suprarenal glands, leaving more than 1 mesonephric artery.
In the present study, accessory renal veins all drained into the IVC. In a study by Malcic-Gürbüz et al. [14] , a branching LRV was described where the upper branch drained into the azygos vein and the lower 2 branches drained into the IVC. In the present study, 2 LRVs were seen crossing from right to left transversely, bridging over the abdominal aorta and connecting the left kidney to the IVC. Previous studies [2] , Senecail et al. [27] described a venous ring encircling the abdominal aorta. Both types of variations in the renal veins may result from the persistence of the renal venous collar, which normally disappears during the development of the embryo.
The persistence of the renal venous collar may also explain other results of the present study, such as the presence of double IVC connected by double intercommunicating veins, the presence of an extra left common iliac vein as an extra tributary to the right IVC, and the left gonadal vein draining into the left IVC instead of draining into the LRV. Asala et al. [1] and Nayak et al. [18] reported a right gonadal vein draining into the renal vein on the right side of the body instead of draining into the IVC. The presence of these accessory renal veins with such varying patterns may be because of an error in merging of the temporary branches of the supracardinal, subcardinal, and postcardinal veins that form the IVC. As a result, these temporary veins have numerous anastomoses between them which result in the formation of the renal venous collar described above.
In the present study, 3 renal veins (2 hilar and 1 accessory inferior polar) emerged from the right kidney and crossed toward the IVC, compressing the right ureter. This finding is similar to that of Mishra et al. [16] who described a compressed ureter between the accessory renal artery and the accessory inferior polar renal vein, anteriorly, and the hilar renal vein posteriorly. They added that this kind of compression may cause hydronephrosis. Uzmansel et al. [32] also suggested that the presence of accessory renal vessels may lead to several clinical complications, one of which was hydronephrosis. This compression proposed by Mishra et al. [16] may explain the cystic kidney of the present study, which had a LRV reaching the IVC deep to the abdominal aorta. This explanation is supported by Bayramoglu et al. [3] , who suggested that the presence of accessory renal vessels posterior to the ureter with a location close to the ureteropelvic junction may be a predisposing factor for the occurrence of hydronephrosis and cystic kidneys.
In the present study, variations in the renal venous pattern were more common than variations in the renal arterial pattern: accessory renal veins were found in 8% of cadavers, but accessory renal arteries were only found in 5% of cadavers. This result is in agreement with Yi et al. [34] , who found that variations in the renal veins was the most common type of renal vasculature variation in Japanese cadavers. However, this result contradicts other studies [4, 10, 26] that reported renal arterial variations were more common than renal venous variations. These contradictory findings suggest that the geographical origins of the cadavers are not a key factor in explaining differences in the incidence of variations of renal vasculature.
CONCLUSIONS
The present study provided new data about variations in the renal vasculature and other vessels around the kidneys that may elucidate the operative anatomy of this region. Greater awareness of these variations may be particularly useful for surgeons and radiologists concerned with this anatomical region. Because of the relatively small number of cadavers examined, the present study may have not detected some rare variations seen in other larger studies, so future studies with larger sample sizes are recommended to replicate the findings of the present study. Because we used formaldehyde-fixed cadavers in the present study, which have less mobility and flexibility of the tissues, future studies using angiography of the renal vessels are recommended to better provide more meaningful data.
